Abstract: This study aimed to investigate the maternal factors and utilization of maternal care services associated with infant feeding practices in rural areas of Southern Nepal. Data from a cluster randomized controlled trial 'MATRI-SUMAN'(Maternal Alliance for Technological Research Initiative on Service Utilization and Maternal Nutrition) conducted between 2015-2016 were analyzed. A total of 426 pregnant women in their second trimester were recruited from the MATRI-SUMAN trial, which was conducted on six villages in rural areas of the Dhanusha district, Nepal. A total of 379 mothers that had ever breastfed their infants, and followed for at least seven months after birth were included in the analysis. Multivariate logistic regression analysis was used to identify independent risk factors associated with child feeding practices after controlling for potential confounders. Of the 379 mothers, 41.4%, 53%, and 43% initiated breast feeding within the first hour of birth (EIBF), practiced exclusive breastfeeding (EBF), and initiated timely complementary feeding (CF) at six months, respectively. Multiple logistic regression results revealed that maternal education (secondary or higher), an occupation in the service/business/household sectors, receipt of MATRI-SUMAN intervention, more than four ANC (antenatal care) visits, and delivery in a health facility were associated with higher odds ratios of EIBF. Similarly, mothers with a primary, secondary and higher level of education, that worked in the service/business/household sectors, primiparous mothers, those that received MATRI-SUMAN intervention, visited ANC more than four times, and made a PNC (postnatal care) visit had higher odds ratios of EBF, while mothers who were 35-45 years of age were less likely to have used EBF. In addition, education to the secondary or a higher level, a male baby, receipt of MATRI-SUMAN intervention and a PNC visit had higher odds ratios of CF initiation at six months. The promotion of maternal ANC visits, birth at a health institution, and postnatal visits should be recommended in order to improve child feeding practices in Nepal.
Introduction
Despite the substantial progress made to reduce child mortality, 5.6 million children aged less than five years died worldwide in 2016, and the majority of these deaths occurred within the first
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Study Design and Participants
Data from a cluster randomized controlled trial 'MATRI-SUMAN' conducted during 2015-2016 were used to identify associations between infant feeding practices, maternal factors and the utilization of maternal care services. A multistage stratified random sample of 426 pregnant women was selected from six rural village development committees (VDCs) in the Dhanusha district of Nepal. The overall response rate was 94.3%. However, of these 426 pregnant women, 379 who breastfed their child and were followed up for seven months postnatally were included in the present study. The MATRI-SUMAN trial focused on the capacity building of female community health volunteers (FCHVs) and providing information about maternal and child health care services (MCH) to pregnant women by mobile text messaging. The capacity building of FCHVs was performed by one day extensive reinforcement training to equip them with the knowledge and skills of MCH services, and mobile text messaging intervention was done through periodic mobile short messaging service (SMS) system to either pregnant woman or their family members (who could convey messages to the participant) in the intervention arm concentrating on MCH services. Details of sample selection and procedures have been found elsewhere [40] .
Data Collection and Measures
Trial data were collected from MCH register of FCHVs and face-to-face interview by female research assistants using survey questionnaire at different time interval. The details of the follow ups and measurement can be found elsewhere [40] . We used datasets that contained information on the use of maternal care services, socio-demographic characteristics, and infant feeding practices.
Outcome Measures
The dependent variables of the study were: (i) early initiation of breast feeding within an hour of birth (EIBF), (ii) exclusive breastfeeding (EBF), and the (iii) initiation of complementary feeding (CF) at six months. EIBF was classified 'yes' if the mother initiated breast feeding within the first hour of after birth and not otherwise. EBF was recorded as 'yes' if a mother fed her baby only breast milk (excepting syrups and medicines). Similarly, the initiation of the CF at six months recorded as yes or no. These outcome variables were adapted from UNICEF and WHO recommendations and standards [4, 41] and the measurement was based on the MCH register of FCHVs and survey questionnaires.
Measurement of Exposure
Two separate dimensions of exposure variables were assessed, that is, maternal care services received and sociodemographic characteristics. Maternal care services included antenatal visits, place of delivery, and postnatal care received. ANC visits were recorded as continuous variables and categorized as < or ≥4 ANC visits. Similarly, the place of delivery was categorized as either the home or health facility. PNC visits were categorized as 'yes' or 'no'. The child's sex was classified as either male or female.
Socio-Demographic Variables
Socio-demographic variables were adapted from previous studies. Age was categorized as: (i) <20 years, (ii) 20-34 years, or (iii) ≥35. Caste/ethnicity were classified as (i) upper caste-Brahmin, Chhetri, and Terai (Yadav, Teli, Thakur, Koiri), (ii) Adibasi/Janjati-Janjati and indigenous, and (iii) Dalit [42] . Education was recorded as years of completed education using the following three categories: (i) no education, (ii) primary-1 to 5 years of schooling, and (iii) secondary and higher ≥6 years of education [39, 43] . Occupations were categorized as: (i) business, private or government, or households work; (ii) agricultural work if in own farms, and (iii) skilled or unskilled manual work. Monthly incomes were classified by tertiles: (i) 1st tertile (income < 14,333 Nepalese Rupees (Nrs)/month) (ii) 2nd tertile (Nrs 14,334-23,666/month) (iii) 3rd tertile (>Nrs. 23,666/month). Families were classified as nuclear or joint, parity as primi or multi, and birth origin as Terai or Hill on the basis of the geographical regions of Nepal [44] .
Statistical Analyses
Infants feeding practices are reported as percentages of all infants. Chi-square tests (χ 2 ) were performed to assess associations between independent variables with EIBF, EBF for six months, and the initiation of CF at six months. Variables found to be significant by Chi-square testing were subjected to multivariate logistic regression analysis. Independent variables with a p-value of <0.1 were entered into the multivariate analysis. Unadjusted and adjusted odds ratios with 95% confidence intervals (CIs) are reported. The statistical analysis was conducted using SPSS ver. 21.0 (SPSS, IBM, Armonk, NY, USA).
Ethics
Ethical approval for the 'MATRI-SUMAN' protocol was obtained from the Nepal Health Research Council, Nepal (approval no: 101) and the ethics committee of the Institute of Medical Sciences, Banaras Hindu University, India (approval no: ECR/526/Inst/UP/2014 Dt.31.1.14), and the District Public Health Office, Dhanusha, Nepal (Ref. 2245). Additional ethical approval was also received from the Institutional Review Board of Janaki Medical College for the data analysis. The aims and objectives of the study were explained to all study subjects, who provided written informed consent. All personal identifiers were removed before the data analysis.
Results
Infant Feeding Practices of Mothers
Infant feeding practices of among mothers in rural Terai are detailed in Table 1 . For the 379 study subjects, feeding practices were as follows; EIBF 41.4%, EBF 53.0%, and 43% initiated CF at six months. 
Maternal Characteristics and Utilization of Maternal Care Services
The majority of the study subjects (69.9%) were 20-34 years old, 62.5% were from an upper caste group, 71.8% were Terai by birth, 23.5% had no education, 83.1% worked in the agricultural or service/business/household sectors, 65.7% had family incomes in the second or third tertile, slightly more than half (52.5%) were from joint families, 60.9% were multiparous, and 52.3% of the babies were female. Maternal factors such as birth origin, education, occupation, family income, and family type were significantly associated with EIBF; caste/ethnicity, education, occupation, family income, and parity were significantly associated with EBF; and birth origin, education, occupation, and child sex were significantly associated with the initiation of CF at six months (Table 2) . The utilization of maternal care services associated with infant feeding practices is summarized in Table 3 . Half (50.9%) of the study subjects received MATRI-SUMAN intervention, 60.9% visited an ANC more than four times, 58.0% of childbirths were at home, and 57.8% visited a PNC. All variables associated with the utilization of maternal care services were significantly associated with the three child feeding practices. 
Maternal Factors and the Utilization of Maternal Care Services Associated with Infant Feeding Practices
Maternal factors and the utilization of maternal care services associated with infant feeding practices with unadjusted odds ratios are provided in Table 4 . A number of maternal factors and maternal care service utilization factors, that are caste/ethnicity, birth origin, education, occupation, family income, family type, MATRI-SUMAN intervention, ANC visits, place of delivery, and PNC visits, were significantly associated with EIBF; education, occupation, family income, parity, MATRI-SUMAN intervention, ANC visits, place of delivery, and PNC visits were significantly associated with EBF; and birth origin, education, occupation, family income, child sex, MATRI-SUMAN intervention, ANC visits, place of delivery, and PNC visits were significantly associated with the initiation of CF at six months by univariate analyses.
Multiple logistic regression model results with adjusted odds ratio are summarized in Table 5 . Maternal education secondary and higher (aOR 2.2; 95% CI (1.2-4.2)), occupation in the service/business/household sectors (aOR 2.2; 95% CI (1.2-4.2)), receipt of MATRI-SUMAN intervention (aOR 1.7; 95% CI (1.1-2.9)), ≥4 ANC visits (aOR 3.2; 95% CI (1.2-8.0)), and delivery in a health facility (aOR 1.9; 95% CI (1.0-3.4)) had higher odds ratios for EIBF.
Mothers with a primary level of education (aOR 2.2; 95% CI (1.1-4.4)), a secondary or higher level of education (aOR 5.5; 95% CI (1.8-16.1)), working in the service/business/household sectors (aOR 2.1; 95% CI (1.1-4.1)), primipara (aOR 2.2; 95% CI (1.2-4.0)), that received MATRI-SUMAN intervention (aOR 1.8; 95% CI (1.1-3.2)), that had visited an ANC ≥ 4 times (aOR 3.1; 95% CI (1.3-7.5)) and visited a PNC (aOR 2.4; 95% CI (1.1-5.6)) had higher odds ratios of EBF. However, mothers aged 35-45 years were less likely (aOR 0.3; 95% CI (0.1-0.7)) to have performed EBF than their counterparts.
Mothers with a secondary or higher education level (aOR 2.2; 95% CI (1.2-3.9)), male baby (aOR 1.7; 95% CI (1.1-2.7)), received MATRI-SUMAN intervention (aOR 1.6; 95% CI (1.0-2.7)), and visited a PNC (aOR 2.3; 95% CI (1.0-5.1)) had higher odds ratios for initiating CF at six months. 
Discussion
In the study, 41.4%, 53%, and 43% of 379 ever-breastfed mothers initiated breast feeding within an hour of the birth (EIBF), practiced exclusive breast feeding (EBF), and initiated complementary feeding (CF) at six months, respectively, and these percentages are lower compared with those in a recent Nepalese Demographic and population health survey report 2016 [39] . However, the proportion of mothers that performed EIBF in the present study is similar to those reported in other developing countries like Brazil [45] and Ethiopia [46] , but higher than that found in an Indian study [47] . Likewise, the prevalence of EBF in Nigerian [48] and Ethiopian [49] studies was reported to be 37.3% and 54.5%, respectively, values which are substantially higher than that found in a study conducted in Indian urban slums, in which only 7.8% were exclusively breast fed [50] . However, a recent Nepalese study conducted using nationally representative data also reported an EBF rate for children of ≤five months was 66.3%, which is higher than that found in the present study. These differences were probably due to different study population sizes and settings, for example, some used nationally representative datasets [36, 38] , whereas our study was conducted in the rural Southern Terai. In addition, different levels of education, wealth quintiles, and existing local traditions and beliefs might have impacted results.
In the present study, only slightly more than two fifths of mothers initiated CF at 6 months, which is lower than those found in some Ethiopian studies performed in different parts of the country [32, 33, 51] , which reported >60% of mothers initiated CF at six months. Studies conducted in other developing countries like Ghana [52] , Ethiopia [53] , and Bangladesh [54] , also presented higher percentages of mothers initiated CF at six months. Recent local Nepalese studies [55, 56] also reported 57% of mothers initiated CF at six months, and these values are also higher than those found in the present study. This wide variation in the prevalence of the timely initiation of CF may have been due to the fact that the present study was conducted in rural areas of the South-East region of Nepal, whereas the two other Nepalese studies were conducted in Western Nepal. Differences between Nepalese studies may also have been influenced by different sample sizes, literacy statuses, and methodological differences. Importantly, we dichotomized mothers based on whether they initiated CF at exactly six months, and several other studies used a range of 6-8 months [52, 54, 57] , which might also have contributed to reported differences.
We found maternal education and the receipt of MATRI-SUMAN intervention increased the odds ratio of initiating EIBF and the practice of EBF and CF. Several other reports concur regarding a positive association between maternal education and EIBF, EBF and CF [28, 30, 36, 53, 58, 59] , presumably because educated women are more aware about healthy and timely child feeding practices. In fact, maternal education has been reported to be associated with improved child feeding practices [60] . MATRI-SUMAN intervention on the other hand might have influenced rural women to adopt recommended child feeding practices. MATRI-SUMAN intervention has two components, namely the training of female community health volunteers and mobile text messaging directed at pregnant and post-natal women; both approaches were directed at increasing the utilization of maternal and child health care services, and thereby, improved maternal and child health. The MATRI-SUMAN intervention has been previously described in detail [40] .
In addition, we observed that a maternal occupation in the service/business/household sectors resulted in higher odds ratios for EIBF and EBF than those observed in the manual labor sector. This finding agrees with some previous reports [25, 28, 61] , but conflicts with others [62] . Alzaheb et al. and Adugna et al. reported working mothers were less likely to adopt EBF [25, 61] , and a review paper issued by Alzaheb et al. showed working mothers adopted EIBF less frequently than non-working mothers [28] . However, in rural areas of Southern Terai, small businesses are conducted in homes or nearby, and we categorized these mothers as working at home, whereas women engaged in manual labor usually work long hours far away from their homes, and thus find breastfeeding more difficult. We also found older mothers (35-45 years old) were less likely to practice EBF. The relation between maternal age and EBF is unclear. For example, a recent study concluded that younger women were less likely to practice EBF [63] , whereas others support the notion that an older maternal age predicts the use of non-exclusive breast feeding [47, 48] . In addition, a study performed in Nigeria discovered that the practice of EBF increases with a mother's age to a peak at around 32 years, and that teenage mothers and mothers older than 32 years tended not to practice EBF [64] . It is possible older women have more roles and responsibilities in addition to child care and that they are required to look after other family members, respectively in poor rural areas. On the other hand, several studies have reported primiparity as a potential risk factor for not practicing EBF [65] [66] [67] [68] , whereas we found primiparous mothers were more likely to practice EBF than multiparous mothers. Reports differ regarding the association between parity and EBF. Studies conducted in China and Sweden found no association between the two [69, 70] , whereas others [71, 72] reported primiparous mothers were more likely to adopt EBF, which highlights the importance of educating multiparous women. Furthermore, as has been reported previously [51, 73] , we found CF feeding at six months was more common for male babies, which may reflect the long-standing traditional gender norm that discriminates against female child feeding [51] .
Importantly, our study confirms that some specific components of maternal care services, such as antenatal visits, childbirth at a health facility, and postnatal visits, significantly impact child feeding practices. Mothers that visited ANCs four or more times were found to be significantly more likely to practice both EIBF and EBF, and childbirth at a health facility was significantly associated with EIBF. In addition, PNC visits appeared to increase the likelihood of EBF and the initiation of CF at six months. A number of studies have demonstrated a significant positive association between prenatal care visits and EIBF [33, 35, 46, 74] and EBF [26, 50] . Similarly, we found a higher odds ratio of EIBF among mothers that gave birth at a health facility, which concurs with reports issued in other developing countries [25, 48] . In particular, an Ethiopian and a Nepalese study identified that institutional delivery increased EIBF [32, 36] , and another Nepalese study found home delivery was associated with EBF [37] . Nonetheless, a more recent study conducted in Nigeria concluded that non-exclusive breast feeding was attributable to no antenatal care visits, home delivery, and delivery assisted by a non-health professional, which is in line with our study findings [75] . These findings may have arisen because maternal exposure to breast feeding counseling by health workers during childbirth increased maternal knowledge about breastfeeding practices. Furthermore, maternal exposure to health education classes on breast feeding and an adequate knowledge of breast feeding improves breast feeding practices [76] . Thus, institutional child birth increases the likelihood of mothers adopting EIBF and EBF [29] . These observations suggest modifiable factors, such as the promotion of childbirth at health facility and education about breast feeding, which can present excellent means of promoting breast feeding practices in low income countries like Nepal. In addition, an Ethiopian study also showed that postnatal visits had a significant positive association with the timely initiation of complementary feeding [31] , and in other studies, childbirth at a health institution were found to predict timely complementary feeding [32, 77] . We recommend that interventions to promote complementary feeding at recommended times in health care settings should be promptly implemented.
Our study has several valuable strengths. First, the response rate was very high. Second, we assessed the effects of a number of maternal and maternal care service factors on child feeding practices using three dependent variables, that is, EIBF, EBF, and timely initiation of CF using the WHO recommendation and indicators in the same cohort who were involved in the trial. Third, our study made use of a dataset obtained at different time intervals from the same cohort, which may provide reliable information. However, the study has some specific limitations that should be understood. First, our measurements were based on the MCH register as well as maternal recall at different time intervals of the same cohort, and thus may have been influenced by measurement and recall biases. Second, we only assessed whether mothers started complementary feeding at six months and our study could not indicate the appropriateness of the first CF in terms of dietary energy. Third, since the MATRI-SUMAN trial ended follow up visits at seven months after the birth of the baby, our methods could not assess other potentially important indicators of complementary feeding practices, such as meal frequency, dietary diversity, and minimum acceptable diet. Fourth, like many other cross-sectional studies, the present study does not address causality.
Conclusions
In the present study, reported rates of EIBF, EBF, and CF were found to be lower than those reported in other developing countries. Maternal education and the receipt of MATRI-SUMAN intervention positively impacted EIBF, EBF, and CF, and maternal occupation in the service/business/household sector positively influenced EIBF and EBF. Primiparity was found to be protective, but an older age (35-45 years) negatively influenced EBF. In addition, it was observed that male babies were more likely to receive complementary feeding at the recommended time. The utilization of maternal care services, such as ≥4 antenatal care visits significantly and positively promoted the practice of EIBF and EBF, whereas childbirth at a health facility was significantly associated with EIBF alone. In addition, a PNC visit was found to significantly increase the probability of EBF and of initiating CF at six months. Thus, we recommend that the utilization of maternal care services, such as ANCs, the use of health institutions for child birth, and postnatal visits should be recommended to improve child feeding practices, and that maternal factors which impact child feeding practices be carefully considered when designing strategies and interventions. In addition, we suggest a community-based study be undertaken to improve the understanding of the effects of sub-optimal breast feeding and complementary feeding among Nepalese infants. 
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